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Abstract - This paper presents the new color 
segmentation method based on normalized RGB 
chromaticity diagram by utilizing the line in the 
chromaticity diagram to separate colors. Parameter of 
the line is obtained automatically using the peak and 
valley analysis of the newly developed histograms. 
The method is simple, fast, and effective to overcome 
the problem of illumination changes. The method 
shows the promising results for color segmentation of 
the outdoor sign images.  
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1. INTRODUCTION 
  
Image segmentation plays an important role in the 
computer vision fields. It is usually used as the 
preliminary process for high level image processing. It 
extracts the meaningful object or object of interest 
from a whole image. Basically, image segmentation is 
to partition an image into non-overlapping regions [1]. 
A region is a homogenous group of connected pixels 
having a particular property, such as color, gray level, 
texture, motion, etc. In the color images, color 
segmentation is very popular method, since color is 
more meaningful property to the human perception. 
Hence, the task of color segmentation is to separate 
objects according to the colors. 
 
Once objects are separated by color segmentation, 
further process such as object recognition could be 
performed to extract the meaningful information from 
the image. Many applications employ the color 
segmentation for understanding an image, such as for 
interactive robot [2,3,4], video retrieval [5], road sign  
recognition [6,7,8]. 
 
In outdoor environments, the illumination changes 
could not be controlled, hence color segmentation 
should be robust to this problem. Furthermore, the 
algorithm shoud be fast enough for real-time 
implementation. Due to the facts, color segmentation 
still becomes a challenging topic and offers the open 
area for improvement. 
 
The existing color segmentation methods could be 
classified  into several approaches : histogram-based 
method, boundary-based method, region-based 
method, Neural network-based method, Fuzzy-based 
method, and Genetic Algorithm (GA)-based method. 
 
Histogram-based method is commonly used for 
monochrome image segmentation. Since color images 
are usually represented by three dimensional (3D) of 
RGB colors, the histogram-based color segmentation 
basically fuses the three thresholds obtained from each 
color channel. In [5], they employed a gray-level 
thresholding method in each of the color Red (R), 
Green (G), Blue (B), then used the generated threshold 
values as a base to produce a set of desired multiple 
threshold values for video image segmentation by 
means of an unsupervised clustering process. 
 
In the boundary-based method, an edge detector is 
employed to find the boundary of an object. This 
method works by the fact that the the pixel intenstity 
values will change rapidly at the boundary of two 
regions. For color segmentation, at first edge detection 
is performed to each color channel R,G,B separately. 
Then the resulted edges are merged to obtain the final 
edge image. 
 
In the region-based method, pixels are grouped 
according to the homogenity criteria. The region 
growing, and split and merge algorithms are the 
examples of the region-based method.  In the region 
growing algorithm, pixels or subregions are grouped 
into larger regions based on predefined criteria [9]. 
The algorithm starts with a set of seed points and then 
grows regions by appending to each seed those 
neighboring pixels that have similar properties to the 
seed, such as gray level or color. On the contrary, the 
split and merge algorithm subdivide an image initially 
into a set of arbitrary, disjointed regions and then 
merge and/or split the regions in attemp to satisfy the 
predefined criteria [9]. These techniques have two 
main drawbacks [1]: They are both strongly dependent 
on global predefined criteria; while the region growing 
technique depends also on initial segments, which is 
the first pixel/segment to be scanned, and the order of 
the process. 
 
The Artificial neural network that implements self-
organizing map (SOM) is used for color segmentation 
as proposed by [10]. They use normalized RGB 
chromaticity as the data source of the neural network. 
During learning phase, sample points are taken from 
the image and submitted to the network. When the 
feature map has been formed, the main chromaticities 
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present in the image are clustered. Then, each pixel is 
classified according to the identified classes. The 
number of classes is a priory unknown and the SOM is 
used to determine the main classes. 
 
In [11], the multilayer perceptron (MLP) network is 
adopted for adaptive color image segmentation. They 
use multisigmoid activation function for segmentation. 
The number of steps i.e. thresholds in the 
multisigmoid function are dependant on the number of 
clusters in the image, which are found automatically 
from the first order derivative of histograms of 
saturation and intensity in the HSV color space.  
 
Fuzzy logic model that follow the human intuition for 
color classification is proposed in [12]. In this 
approach, fuzzy sets are defined on the H, S, and V 
components of the HSV color space and divides the 
color space into segments based on linguistic terms. 
The fuzzy rules are defined based on human 
observation to classify the color produced by the tree 
components of the HSV color space. 
 
Genetic Algorithm (GA) is adopted in [13] to optimise 
the color segmentation. The process evolves in a 
sequence of steps, where at each step a GA optimises 
the previous segmentation results until a satisfactory 
segmentation is achieved.  The GA starts from an 
initial random population of N individuals, then it 
performed N segmentations of the image according to 
the parameters of each individual. Then a fitness is 
evaluated for each resulting image, and the GA cycles, 
i.e. genetic operators (selection, crossover, mutation) 
are applied on the processing parameters of these 
individuals until the fitness does not exceed a given 
threshold or a maximum number of iterations is 
reached. 
 
This paper presents a new technique for color 
segmentation based on normalized RGB chromaticity 
diagram. The proposed method is intended to segment 
the particulars colors usually used in the outdoor sign 
images, such as road traffic signs (traffic signs, 
information signs, guidance signs). Road signs are 
usually painted with colors contrast against 
enviroments, i.e. blue, yellow, red, green, and white 
colors, in order to attract and make it easy to be seen 
by people on the road. By considering these particular 
colors, our algorithm extracts the information 
contained in the sign effectively, even when the sign 
image is under the problem of illumination changes. 
 
The paper is organized as follows. In section 2, the 
proposed method is presented. The experimental 
results are presented in section 3. Finally, conclusion 
is described in section 4. 
 
  
 
 
2. PROPOSED METHOD 
  
2.1. Existing color segmentation methods for 
extracting road sign images 
  
A guidance sign as illustrated in Fig. 1 is used to give 
traffic information to the users (drivers or pedestrian). 
Since they are installed in outdoor environments, they 
appear with shape and color contrast against 
environments. In Fig. 1, a guidance sign is 
characterized by its rectangular shape and blue color 
with white characters and symbols.  Since color 
contains useful information, many researchers [6,7,8] 
prefer to use color segmentation to extract the symbols 
and character from the sign images. The vision 
systems to recognize the traffic signs from the camera 
automatically is primary used in the driver assistance 
systems, a system to assist the human driver when 
driving on the road to provide safety and comfortable 
driving. In some cases, a similar system is useful to 
help the blind people recognize such signs installed on 
the road. 
 
Fig. 1: A guidance sign.  
 
In [6], a blue color segmentation using LUV (L is 
luminance, U and V are chrominance components) 
color space is taken to extract the blue color from an 
image and then finds the edge of rectangular shape to 
identify the guidance sign. To overcome the problem 
of illumination changes, they employ a multiple-
thresholds approach. The thresholds are determined by 
analyzing the actual distribution of data in the LUV 
color space taken in various weather and lightning 
conditions. 
   
 After blue color segmentation, candidates are 
screened using shape information. In [6], four 
boundary line segments are detected using a histogram 
projection technique. The detected sign (guidance 
sign) consists of two colors (blue and white), results in 
two clusters having the highest value in the intensity 
histogram. Then, characters and symbols are extracted 
by transformation of intensity histogram using the 
following equation : 
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where Imin and Imax are the minimum and maximum 
intensity of the cluster in the histogram, respectively. 
Iorg is intensity of the original image and Inew is the 
intensity of transformed image. Using this intensity 
transformation, characters and symbols could be 
extracted fairly stably using one threshold in various 
lightning conditions [6]. This similar approach is also 
employed in [7]. 
 
In [8], to localize road sign (road sign that contains 
text) from an image, H component of HSI color space 
is used for color modeling and k-mean algorithm is 
applied for clustering. Using this method, all red 
points (pixels) are in one cluster, the same for blue, 
green and yellow ones. Then, for extracting texts in 
the sign, color modeling of background and 
foreground (text) of detected road sign is applied. 
  
2.2. Proposed color segmentation method for 
extracting road sign images  
 
The multiple-thresholds proposed in [6] requires many 
times thresholding processes. It might not be the 
efficient method in the memory space and 
computation time. Since k-mean algorithm is an 
iterative method, the color clustering technique used 
in [8] consumes much time. Moreover, HSI color 
space used in [8] requires additional computation time 
for conversion from RGB color, which is commonly 
used in the computer system. 
  
Here, we propose the color segmentation based on the 
normalized RGB chromaticity diagram using “a 
diagonal line” . Fig. 2 illustrates chromaticity diagram 
of the normalized RGB color space. In the figure, a 
diagonal line for extracting the blue color is shown. 
The chromaticity coordinates of the diagram are g and 
r defined by 
BGR
Rr ++=                            (2) 
BGR
Gg ++=                            (3) 
Then to extract blue color, the following rule is 
employed : 
BLUEispixelthenTBrgIf <+            (4) 
where TB is a blue color threshold. 
 
Fig. 2: Blue color segmentation.  
 
The threshold TB is obtained automatically by 
analyzing the peak and valley of the “new developed 
histogram”. The developed histogram is developed by 
representing the value of g + r (adding g and r values) 
as “interval” and counting pixels for each interval.  
Using the method, the color segmentation could be 
computed fast, while the problems of illumination 
change could be overcome (minimized), due to the 
fact that the normalized RGB color space is more 
robust to the illumination changes. 
  
To extract the green and red colors, similar methods to 
the blue color might be employed. While to extract 
yellow color, two lines are needed. 
 
Furthermore, our method extracts white color by 
utilizing “a circle” on the normalized RGB 
chromaticity diagram. The rule for extracting white 
color is expressed as 
WHITEis
pixelthenTWgrIf ≤−+− 22 )33.0()33.0(  
              (5) 
where TW is a white color threshold. 
 
3. EXPERIMENTAL RESULTS 
  
To verify our proposed method, we tested our 
algorithm to extract the symbols and characters of the 
guidance signs taken from a digital camera. We 
implemented our algorithm using MATLAB running 
on a Personal Computer (PC).  
 
Fig. 3,4,5 depict the guidance sign images, where in 
each figure, figure (a) shows the original image, figure 
(b) shows the new intensity image obtained using Eq. 
(1) as proposed in [6,7], and figure (c) shows the 
extracted image obtained by our proposed algorithm. 
Sign image in Fig. 4 is the same as the one in Fig. 3, 
but the intensity is darker.   
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Fig. 3: (a) Original image; (b) Intensity image 
obtained by method proposed in [6,7]; (c) Extracted 
image obtained by our proposed algorithm.  
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(c) 
 
Fig. 4: (a) Original image; (b) Intensity image 
obtained by method proposed in [6,7]; (c) Extracted 
image obtained by our proposed algorithm 
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Fig. 5: (a) Original image; (b) Intensity image 
obtained by method proposed in [6,7]; (c) Extracted 
image obtained by our proposed algorithm. 
 
 
 
 
The method proposed in [6,7] could be used to extract 
the symbols and characters of the sign of Fig. 4(a) and 
5(a) properly as shown in Figs. 4(b) and 5(b), but it 
fails to extract the image of Fig. 3(a) as shown in Fig. 
3(b). Our method could extract all three cases properly 
as shown in Figs. 3(c), 4(c), 5(c). 
 
 
The extracted symbols and characters in Fig. 3(c) and 
5(c) is clear enough, but they are not so clear in Fig. 
4(c). We could improve the result in Fig 4(c) by 
refining the result, thus we might get the proper 
symbols and characters. For instance, we may apply 
the edge operation followed by filtering and connected 
component analysis. 
 
 
4. CONCLUSIONS 
 
In this paper, a new color segmentation method based 
on the normalized RGB chromaticity diagram is 
presented. The method is simple, fast and effective to 
overcome the problem of illumination changes. The 
thresholds are obtained automatically, thus when 
illumination changes, the threshold will be adjusted 
automatically.  
 
The proposed methods work for extracting the 
particular colors, such red, yellow, blue, green, and 
white. For future work, the research for developing 
more general colors segmentation will be conducted.  
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